T
he design of molecular containers represents an important component of nanotechnology and has attracted intense interest from synthetic chemists (1) (2) (3) (4) . Research on molecular containers can realistically be expected to provide highly selective sensors, sorters, and catalysts for numerous applications. A significant challenge in this area is the development of containers that are stereochemically rigid, because rigidity is the basis of sterically governed selectivity. Rigidity, however, is incompatible with much of organic chemistry, and this dichotomy is problematic because organic (and organometallic) chemistry provides the most versatile construction tools for the synthesis of molecular containers. In this contribution, we address this dichotomy, i.e., the incorporation of organic motifs into rigid frameworks. Our approach involves a hybridization of organometallic chemistry and well established precedents in the chemistry of metal cyanides.
Cyanometallates are metal complexes with the general formula L l M m (CN) n . The most important cyanometallate is Prussian blue (PB), an inorganic polymer with the formula Fe 7 (CN) 18 The structure of PB may be roughly described as interconnected cubic cage subunits with Fe vertices linked by cyanide. The PB structure is in fact complicated because the otherwise idealized cubic framework is interrupted by vacancies at the metal positions, these vacancies being occupied by water molecules (6) . A building block approach is inherent in Eq. 1, i.e., the use of preassembled [Fe(CN) 6 as a bridging, doubly Lewis-acidic metal center) (10) . The PB analogues are of continuing interest as sources of molecular magnets, solid sorbents, and electrode materials.
In recent years we have developed families of molecular cyanometallate ensembles that are synthesized analogously to PB, except that our molecular building blocks are tricyanometallates wherein the three cyanide ligands are mutually cis. Half of the coordination sphere of these tricyanometallates is occupied by a strongly coordinating nondisplaceable coligand. The face-capping coligand inhibits the formation of polymers by minimizing crosslinking but still promotes the formation of three-dimensional structures, which resemble subunits of PB. Particularly effective as face-capping ligands are cyclopentadienyl, C 5 H 5 (Cp), and its pentamethyl analogue, C 5 The crystals were mounted on thin glass fibers with oil (Paratone N, Exxon, Annandale, NJ) before being transferred to a Siemens (Iselin, NJ) Platform͞CCD automated diffractometer. Data processing was performed with the integrated program package SHELXTL. All structures were solved with direct methods and refined by using full matrix least squares on F 2 with the program SHELXL-93. Hydrogen atoms were fixed in idealized positions with thermal parameters 1.5ϫ those of the attached carbon atoms. The data were corrected for absorption on the basis of ⌿-scans. Specific details for each crystal are given in Table 1 (1) 3.89 (3) 3.676 (10) C(4)-Cs (1) 3.67 (3) 3.620 (11) C(5)-Cs (1) 3.73 (3) 3.689 (14) C(6)-Cs (1) 3.73 (3) 3.778 (10) C(7)-Cs (1) 3.73 (3) 3.661 (13) C(8)-Cs (1) 3.78 (3) 3.626 (11) C(9)-Cs (1) 3.73 (3) 3.850 (12) C(10)-Cs (1) 3.72 (3) 3.624 (10) C(11)-Cs (1) 3.70 (3) 3.607 (10) C(12)-Cs (1) 3.76 (3) 3.792 (10) N(1)-Cs (1) 3.85 (2) 3.588 (8) N(2)-Cs (1) 3.84 (2) 3.527 (9) N(2)-Cs (1) 3.86 (2) 3.572 (9) N(4)-Cs (1) 3.67 (2) 3.554 (8) N(5)-Cs (1) 3.66 (2) 3.604 (11) N(6)-Cs (1) 3.66 (2) 3.863 (11) N(7)-Cs (1) 3.76 (2) 3.594 (11) N(8)-Cs (1) 3.66 (2) 3.503 (8) N(9)-Cs (1) 3.61 (3) 3.893 (10) N(10)-Cs (1) 3.57 (2) 3.551 (8) N(11)-Cs (1) 3.68 (2) 3.592 (8) N(12)-Cs (1) 3.64 (2) 3.813 (10) Na (1) and two Cp* signals, which also integrate in a 3:1 ratio, a pattern consistent with the expected C 3v symmetry. (Fig. 1, Table 2 ). The Cs ϩ ions are situated at the center of each of the two box-like fragments, similar to other Cs-intercalated boxes (17) . The smaller Na ϩ ion is octahedrally coordinated by the six terminal CN ligands from the two defect box fragments. The double cage has idealized D 3d symmetry. The species provides a relatively rare example of an alkali metal ion receptor that contains different alkali metal cations. The Na-N distances are 2.56 Å vs. the Ru-N distances of 2.09 Å; consequently, each Co 4 NaRu 3 box is slightly distorted. The extent of this distortion is indicated by the Na ⅐⅐⅐ Co edge distance of 5.55 Å vs. the Co ⅐⅐⅐ Ru edge distances of 5.12 Å. The Cs ϩ -C͞N distances occur over the range (3.95(3) Ϫ 3.66(2) Å, the broad range due to the fact that Cs ϩ is displaced by 0.27 Å along the Co-Na body diagonal toward the Na. The perspective shown in Fig. 2 , which seems to be unstable in the absence of an encapsulated cation. We propose that the bowl is stabilized by Cs ϩ ⅐ ⅐ ⅐CN interactions involving the bond of cyanide, analogous to the recently observed interaction between Cs ϩ and the triple bond in MeCN (19) . Such -bonding interactions provide the basis for the design of new complexants for Cs ϩ , which is relevant to radio-waste remediation (20, 21) . The species CsʲCo 4 Ru 3 is of further interest as a face-capping tridentate ligand, which should allow it to be deployed broadly. Facecapping N 3 ligands have played a significant role in coordination chemistry, and catalysis as exemplified by extensive work on 1,4,7-triazacyclonane (22, 23) and tris(pyrazoyl)borate (24) .
The double boxes described in this report are the largest known molecular subunits of a cubic cyanometallate framework. The stability and easy formation of these double boxes suggest the feasibility of synthesizing even larger multicages. This research was supported by the Department of Energy.
